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Abstract
Methane emissions from sheep and cattle production have gained increasing profile
in the context of climate change. Policy and scientific research communities have
suggested a number of technological approaches to mitigate these emissions. This
paper uses the concept of co-production as an analytical framework to understand
farmers’ evaluation of a ‘good animal’. It examines how technology and sheep and
beef cattle are co-produced in the context of concerns about the climate change
impact of methane. Drawing on 42 semi-structured interviews, this paper
demonstrates that methane emissions are viewed as a natural and integral part of
sheep and beef cattle by farmers, rather than as a pollutant. Sheep and beef cattle
farmers in the UK are found to be an extremely heterogeneous group that need to
be understood in their specific social, environmental and consumer contexts. Some
are more amenable to appropriating methane reducing measures than others, but
largely because animals are already co-constructed from the natural and the
technical for reasons of increased production efficiency.
Keywords: Climate change; Sheep; Cattle; Methane; Genetics; Co-production
Introduction
Sustainable intensification of agriculture (Foresight. The Future of Food and Farming
2011) has become one of the major policy and research themes in the UK. It aims to
achieve increased food production while limiting impact on the wider environment
and ecosystems. While the term ‘sustainable intensification’ is contested (Garnett &
Godfray 2012), the approach has focussed attention on the importance of agriculture,
as a source of food, a cause of environmental damage and provider of ecosystem ser-
vices. In the context of animal agriculture, animal welfare is also an important factor.
This complexity of objectives – providing food, ecosystem services and landscapes,
while reducing pressure on the environment, and mitigating and adapting to climate
change – presents a challenge to farmers and provides the canvas for this examination
of animal-technology co-productions.
Greenhouse gas emissions from agriculture, particularly methane emissions from
sheep and cattle have gained an increasing profile in the policy and academic worlds
since the publication of a seminal report from the Food and Agriculture Organization
of the United Nations (FAO) on the environmental impact of farm animals (Steinfeld
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et al. 2006). From a climate change point of view, methane and nitrous oxide are both
important but this paper will focus only on methane. Methane from ruminant animals
(e.g. sheep, cattle, goats, but not pigs) is a product from the digestion of grass, and is
estimated to be around 25 times more powerful as a greenhouse gas than carbon diox-
ide (Industry Delivery Partners 2011). Put simply, in terms of the amount of green-
house warming potential generated per tonne of meat produced, pig meat produces
about 4 tonnes as compared to nearly 15 tonnes for beef and nearly 16 tonnes for
sheep (Genesis Faraday Partnership 2008 based on analysis by Cranfield University). In
the UK, a key climate change policy event was the passing of the UK Climate Change
(2008) Act. This Act mandates a reduction in greenhouse gas emissions from the UK
by 80% by 2050 (from 1990 levels). Interim targets for different sectors of the economy
have been set by the UK Climate Change Committee, a body created by Government
to advise on how this reduction can be achieved. Emissions attributed to the agricul-
tural sector are estimated at around 8% of total UK greenhouse gas emissions, with
38% derived from methane (Committee on Climate Change 2010).
A range of responses have been suggested to achieve reductions in methane emissions
from sheep and beef cattle. These include measures to increase the efficiency of produc-
tion, for example by improvements to animal health, reproduction and genetics. Another
approach is to manipulate methane emissions, for example by use of feed additives, using
grasses which result in lower methane releases or by vaccinating the rumen to alter the
bacterial composition. The agricultural industry has responded by developing a green-
house gas action plan with targets and priorities (Industry Delivery Partners 2011). These
include a wide range of actions, such as improved animal nutrition and health, the use of
genetics and improved grassland management. The plan has been developed through a
partnership, which includes a large number of agricultural organisations, such as the Na-
tional Farmers Union, as well as more ecologically-focussed organisations, such as the
Farming and Wildlife Advisory Group and Elm Farm Organic Research Centre.
Moran et al. (2011) have calculated Marginal Abatement Cost Curves that highlight
actions expected to give the best greenhouse gas response with least damaging eco-
nomic impacts (or even in some cases positive impacts). They identify feed additives
and genetic selection of beef cattle as measures with apparently good potential. Life
cycle analyses developed by Cranfield University (Genesis Faraday Partnership 2008)
highlighted the impact of genetic change, calculating that using genetics has reduced
greenhouse gas emissions from pigs by 15% between 1988 and 2007. Beef cattle and
sheep methane emissions were reduced by less than 1% during the same period, attrib-
uted to the slower adoption of genetic evaluation in these sectors. Jones et al. (2013)
combine expert and farmer opinions and identify using legumes in grass mixtures as
ranking highly as a way of mitigating greenhouse gas emissions in UK sheep produc-
tion. Gill et al. (2010) advocate expressing efficiency in terms of production of ‘human
edible food’, to acknowledge that ruminants convert a non-human edible food (grass)
into a human edible food. Garnett has written extensively on the subject (e.g. Garnett
2011) highlighting the potential adverse environmental and ethical consequences that
may arise from excessive focus on production efficiency as a way of achieving methane
reductions. A number of authors have linked production to consumption patterns and
advocated reduction in meat consumption in rich, Northern countries as a way of redu-
cing greenhouse gas emissions (e.g. Garnett 2011).
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While the entire food chain is important and is also influenced by consumption pat-
terns, this paper will focus mainly on the farm end of the chain, touching on con-
sumers and the wider food chain only in so far as they influence on-farm activity. The
framework of co-production of the animal and the technical, will be used in this paper.
A focus on co-production avoids the tendency of veering either too much into the
realm of a technical fix, or of emphasising the social at the expense of the natural
(Goodman 1999). Aspects relating to methane as a climate change gas will be
foregrounded as the context for co-production. I will first locate this paper in the
co-production and climate change literature and then examine how animal-technical
co-productions narrativise the conceptualisation of methane and how methane is
understood by farmers.
Ideas of co-production
The concept of co-production in this paper is situated in animal geography (e.g.
Holloway 2007). Co-production is also a concept used extensively in science policy
studies (Jasanoff 2006) and innovation studies (e.g. Schot & Rip 1996), although with
somewhat different emphases (Doubleday 2007). The science policy approach focuses
on how categories of natural and social are brought into being; a process which in-
volves the “intertwining of the cognitive, the material, the social and the normative”
(Jasanoff 2006, p6). A different (but complementary) understanding of co-production
comes from innovation theory. Here the co-production refers to the way in which
technological change is brought about by merging technical innovation and social
innovation–processes found to be almost an inevitable part of technological change (e.g.
Schot and Rip 1996).This latter approach draws on the frequent finding that impacts
from technological innovation do not just happen, but rather require the active involve-
ment of a range of different stakeholders, including end-users, to bring them about.
When considering sheep and beef cattle, co-production can be understood in both the
above senses. Using the former approach, the emphasis is on different concepts of ani-
mal breeding and ways of evaluating animals. Using the latter approach, the focus is on
social structures enabling the development of methods of estimating genetic value, the
distribution of ‘genetic material’ (either as animals or in the form of semen), and so on.
The animal geography approach to co-production has been influenced by the per-
spective that technological change in agriculture is bringing about changes in human-
farm animal relationships in ways that result in reconstituting the animals (Holloway &
Bear 2011). Holloway (2007) gives a good example of this reconstitution from studying
robotic milking of dairy cows. While the robotic milking system is intended to allow
cows the freedom to act naturally and be milked to the cow’s agenda, cows that do not
adapt to the robotic milking system are culled. In this way the dairy cows are co-
produced to fit the robotic milking system.
In comparison to farming of other species, sheep and beef cattle in the UK have been
relatively little impacted on by technology. One of the main technologies applied is genet-
ics. Holloway and colleagues have extensively examined the social construction of genetics
and breeding value in the context of beef cattle. Holloway (2004) demonstrated how ani-
mals are evaluated by farmers in a show ring context, where aesthetics as well as utility be-
come important. In contrast, at the crux of technological genetic evaluation are Estimated
Breeding Values or EBVs, statistically determined quantifications of genetic value.
Bruce Life Sciences, Society and Policy Page 3 of 212013, 9:10
http://www.lsspjournal.com/content/9/1/10
However, the link between an EBV and the genetic composition of the animal is not ne-
cessarily taken for granted or accepted by farmers (Holloway 2004). Even within the con-
text of EBVs, genetic evaluations are not a single entity. Holloway et al. (2009) describe
separate evaluations for meat production and calf production (Beef Value and Calving
Value indexes, respectively), as well as the way in which individual animals are identified
as contributing particular genetic qualities to the herd. Holloway & Morris (2008) demon-
strate that animals consist not only of the material (the animal) but also the genetic infor-
mation that goes with them. Holloway et al. (2011) examine how values attached to
animals are produced within, and affect, knowledge practices and describe the entangling
of ‘traditional’ and ‘genetic’ modes of valuation. Genetic variation can also be viewed more
broadly as a symbol of the farm family’s success (Convery et al. 2004).
As with Holloway’s (2004) pedigree breeders, Calvert (2013) emphasises the import-
ance of the concept of ‘breed’ and its social construction within cattle breeding prac-
tices in the USA. Grasseni (2007) perceptively observes the dichotomy between the
need to create a ‘breed’ from individual animals of similar appearance, and selecting
outliers from this group to produce the next generation, emphasising specific charac-
teristics. Uniformity is first needed, in order then to identify distinctiveness. Breed can
also be used to subvert technical expertise. Grasseni (2007) describes how dairy cattle
breeders, in Italian mountain regions, deliberately undertook experimental crossing
with a range of different breeds as a way of emphasising their disengagement and inde-
pendence from agricultural and breeding advisors.
Once established, a breed identity must also be maintained. Holloway et al. (2009)
examine the pivotal role of UK breed societies in delineating a breed, by controlling
entry to the breed and recording relationships among individuals in the breed. They
suggest that breed societies, by their actions, are also implicated in the co-production
of both humans and farm animals. Calvert (2013) identifies similar practices involved
in pedigree Aberdeen Angus breeding in a more industrialised context in the USA.
Beef cattle and (to a lesser extent) sheep genetic practices rely on more than local
knowledge. Gibbs et al. (2009) note how specialist genetics knowledge can be located
at a considerable distance from farms in corporate facilities, highlighting the digital and
mobile nature of EBVs. Once the ‘body’ of an animal has been converted into
computerised ‘data’, it can be readily shared widely across computer networks.
Grasseni (2007) emphasises the management changes that become necessary as a re-
sult of adopting expert-led breeding programmes, for example, the resulting increase in
size of cows leading to the need for better diets and increased stall sizes, and the need
for infrastructure to supply semen. Thus, one technical change becomes predicated on
a whole range of new practices and infrastructural accommodations in a form of
animal-technical co-productions. In her specific case study of dairy cows in Italy, the
adoption of standards and technical approaches also led to the need for professional spe-
cialisation between family members, and increased liaison with a wide-range of organisa-
tions such as vets and advisors on breeding and nutrition. The introduction of technical
genetics, therefore, did not exist in isolation but required a reconceptualisation of the
whole farming practice.
Beyond the co-construction with genetics, multiple and complex relationships have
been found between humans and farm animals, both within the context of farmer rela-
tionships with farm animals (Riley 2011, Wilkie 2005, Convery et al. 2004) as well as
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the relationships with farm animals of a range of different publics (Macnaghten 2004).
These emphasise the extension of relationships beyond a merely economic, production
orientation.
Ruminants, as grass-eating animals, are often associated with particular environ-
ments. Ruminants can be considered important for maintaining biodiversity and identi-
fied with a sense of the local (Evans et al. 2003, Yarwood & Evans 2003). Yarwood &
Evans (2006) suggest co-production of animal and locality takes place at the breed level.
Gray (1998) goes further and suggests that for hill sheep farmers, knowledge of local
sheep becomes essential in the breeding of specific flocks for specific places, with sheep
becoming adapted or ‘hefted’ to specific areas of land within a region. This type of con-
ceptualisation is not necessarily applicable across national boundaries, for example,
according to Saltzman et al. (2011) cattle are perceived to belong to Swedish nature,
but as foreign to Australian nature.
Haggerty et al. (2009) stress the dynamic relationship among landscapes, animal bod-
ies and climate in a New Zealand sheep farming context. These relationships in turn
are sites of contestation of what constitutes ‘good’ farming (Burton et al. 2008) and have
influenced the development and shape of sheep farming. As a result, Haggerty et al.
(2009) argue that New Zealand sheep farms have developed in two different directions.
Positive re-enforcement between productivism and the accrual of economic and cul-
tural capital led some sheep farmers in a productivist direction, where improving prod-
uctivity implied improving the animal body. Yet others responded to environmental
and animal health challenges that began to arise by moving to new market linkages,
with alternative conceptions of what is the ‘good’ farmer. This bifurcation is also seen
elsewhere. Grasseni (2007), for example, argues that breeding technologies are used by
marginal farmers either as a means of converting to intensive farming or to pursue
their identity as champions of both genetic and cultural capital.
This emergence of alternative conceptions of the ‘good’ farmer engenders different
practices of co-production with more emphasis on the consumer. Stassart & Whatmore
(2003) provide a detailed analysis of the development of new alignments between con-
sumers and producers, in the context of Belgian beef production. Stressing the onto-
logical continuity between human and animal bodies, and responding to anxieties
around industrial meat production, they suggest that meat is a co-production of the so-
cial and the natural, where healthy food is predicated on healthy animals. However, this
co-production requires the complicity of a number of intermediaries, including
butchers and certification bodies.
Co-productions have been identified between animal and technical (e.g. Holloway
2007), animal and production systems (e.g. Haggerty et al. 2009), animal and environ-
ment (e.g. Yarwood & Evans 2006) and animal and consumer (Stassart & Whatmore
2003). This paper seeks to extend this range of examinations to consider inter-
relationships with technologies to reduce methane emissions. I will firstly examine the
literature relating farmers to climate change and to pollution more generally.
Farmers, pollution and climate change
Greenhouse gases can be considered a form of pollution. The seminal work of Douglas
(1966) emphasised the moral nature of pollution. Pollution, she found, was culturally
identified as something to be disapproved of; as ‘matter out of place’. This moral aspect
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to pollution in a farming context was echoed by Lowe and colleagues (Lowe et al.
1997) studying water pollution from dairy farming. They identified two possible ways
in which pollution could be framed; either as an unavoidable side effect of valuable pro-
duction activities or as a morally discreditable practice, something that attracts blame.
They explain “When defending themselves against charges of damaging the environ-
ment we found that farmers were able to draw on a rich repertoire of justification,
which essentially naturalized their actions” (p192).
From this same empirical work, Ward et al. (1998) reported how dairy farmers
tended to modify their practices to reduce water pollution in response to regulatory
pressures, but in a rather “begrudging” (p1172) way partly because farmers perceived
criticism as expression of a wider ‘anti-farmer’ attitude in society rather than valid com-
ment on sources of pollution. Ward et al. suggested that farmers responded in an ‘add-
on’ and ‘end-of-pipe’ way rather than seriously engaging with the sources of pollution.
Similarly, Ward et al. (1995; 1207) reported that “the group felt that agricultural pollu-
tion was far less of a problem than industrial pollution and suspected that farmers were
being more strictly regulated because they were ‘easy targets’.
This refusal to accept the ‘pollution’ framing for farming activities is not restricted to
the dairy farms studied by Ward et al. (1998). Diffuse water pollution from agriculture,
in particular, is often not visible and its impacts are also not visible. Therefore, farmers
tend not to be convinced that there is a problem or that they are part of the problem
and can do something about it (Blackstock et al. 2010).
Climate change can also be viewed in terms of a moral issue, but it is more often
conceived of in terms of risk. Survey evidence suggests wider publics are concerned
about climate change and perceive the effects of climate change to pose a potentially
serious risk, but this risk is expected to impact on other people. The risks to individuals
themselves are perceived as being low (Spence et al. 2010, Spence & Pidgeon 2010).
Furthermore, climate change may even be perceived as having beneficial effects locally,
e.g. due to warmer weather (Spence & Pidgeon 2010). Little research evidence exists
specifically on farmer approaches to climate change. However, in common with wider
publics, Holloway & Ilbery (1996) found UK arable farmers identified both beneficial
and harmful effects of global warming. Holloway (1999) noted how arable farmers
stressed the long timescales involved and difficulty of planning for unpredictable local
climatic changes, as well as a certain amount of scepticism regarding the existence of
climate change. Barnes and Toma (2012) surveyed 540 dairy farmers in Scotland and
found only 48% agreed that temperatures would rise in the future. Survey data from
Californian farmers (Haden et al. 2012) suggests that farmers align with wider publics in
perceiving climate change impact as being something primarily affecting other people.
Kahneman & Tversky (1982) identified that people generally will take risks to avoid
losses, but are more averse to risking what they already have in order to gain more.
Spence & Pidgeon (2010) apply these findings to attitudes to climate change and sug-
gest that since wider publics do not perceive climate change as a personal threat, they
are less likely to wish to risk what they have at the moment, in order to take action to
mitigate climate change. Haden et al. (2012) extend this approach to farmers, and iden-
tify that Californian farmers were more likely to undertake practices to adapt to climate
change since this is seen as a personal threat, rather than adopt mitigation practices
which rely on a wider sense of doing good for others. Therefore, Haden et al. (2012)
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suggest that farmers are more likely to adopt mitigation practices which also have a
tangible benefit to the individuals involved (e.g. nitrogen management, using less en-
ergy) than those of more general impact.
Actions of farmers can also be influenced by consumer pressure. Consumers in the UK
increasingly associate perceptions of food quality with perceptions of the natural (e.g.
Murdoch et al. 2000) linking into ideas about the benefits of local production, embedded
in local geographies. Eden et al. (2008) established that farmers markets are valued, in part
because they are perceived to reconnect the consumer and the producer. Features such as
dirt on vegetables, was used as evidence of local, authentic production. Gilg et al. (2005)
argue that a shift to sustainable consumption is likely to be a component of a wider shift
to sustainable lifestyles, but this shift is predicated on feeling that actions taken will be ef-
fective and have a positive impact on the environment. However, Barr et al. (2011) found
that climate change mitigation was unimportant in the context of sustainable consump-
tion, noting that ‘climate change is for all intents and purposes, a relatively minor issue
when it comes to embedding environmental practice’ (p 3025). This evidence suggests
that consumers will not readily identify food consumption with climate change mitigation
activity. Most consumption, however, is the end result of a long and often complex food
chain. Green & Foster (2005) therefore argue that sustainable food production requires
consideration of more than production and needs to include socio-technological practices
across the entire food production system.
The research reported here extends the research on water pollution, climate change
and consumer links with producers to consider methane emissions from sheep and beef
cattle. I examine how farmers conceptualised methane, its role in climate change and
potential mitigation methods. The research contributes to the body of knowledge
around co-production by examining concepts of animals in a novel context and in the
face of a novel challenge.
Research method
The research sought to elucidate how individuals understand their world and their context
and a qualitative methodology was adopted. I conducted 42 semi-structured interviews
with farmers and other actors in the farming sector between September 2010 and March
2011. To reduce potential bias, a semi-structured interviewing approach provided a basic
structure to the interviews and allowed greater flexibility to deeper explore specific items.
Questions were focussed around how breeding replacements were chosen, how markets
for breeding animals and meat influenced the breeding decisions, the perceived import-
ance of environmental issues, and more specifically, the perceived importance of methane
emissions as a factor to be considered. Interview schedules were informed by four prelim-
inary, open-ended, scoping interviews with a range of industry representatives, including a
representative of the meat industry, a commercial advisor to farmers, a specialist in native
breeds and a provider of social support to farmers.
The 42 respondents included 30 sheep and beef cattle farmers and 12 representatives
from the wider industry (vets, consultants, meat processors, breeding advisors, re-
searchers). In order to avoid interviewing only elite farmers, interviewees were identi-
fied through a range of different ‘gate-keepers’ including snowballing from preliminary
and main interviews, recruitment through veterinary practices and farmers living near
existing contacts in rural areas. Interviewees were purposively sampled to provide
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diversity and avoid bias as far as possible (Ritchie et al. 2003). To this end, particular
efforts were made to ensure representation from organic and environmentally-oriented
farmers. Farms were located in a diverse range of environments, including upland and
lowland, moor and marsh. A specific strategy was to target several different geograph-
ical areas within England and Scotland as a way of achieving variation in types of farm-
ing enterprise.
Farmers were interviewed from a wide-range of production systems, sizes and produ-
cing for different markets. Markets included producing breeding animals for direct sale
or sale by auction; sale of meat animals either to other farmers for growing-on (‘store’
animals), or as animals for slaughter; through auction, direct to meat processors , for
specific supermarkets, or meat for direct sale in farm shops, to hotels or by post.
On approach for interview, farmers were given an information sheet outlining the
purpose of the interview, including its focus on methane. The interview situation was
not treated as a data mining exercise but rather that meaning was to be created in the
interview encounter (Holstein & Gubrium 2002).
Interviewees included specialist sheep and beef farmers, but many farmers kept both
species. Four dairy herds were included as producers of beef from beef-cross-dairy ani-
mals. Farms ranged in size from 4–1,000 beef cows and 8 – 1,300 ewes. Farmers were
invited to complete a questionnaire to provide further information on the interview
sample. 23 farmers completed this questionnaire. From these, it transpired that 30% of
the farms self-identified as hill farms, 52% as not hill farms, with the remainder consid-
ering themselves marginal or upland farms. The farms relied heavily on animals for
their income with 70% indicating that more than 50% of their finances came from ani-
mals. The majority of farms (91%) employed up to 5 people and most (83%) reported
frequently using computers. Only 9% reported rarely using computers, and in at least
one case this was due to the unavailability of broadband in the area. 43% of the farmers
were aged 35–54, with 17% aged over 65 and 9% less than 35. The farmers were very
experienced, 87% reporting more than 10 years of farming experience and 57% more
than 30 years. On the basis of interview information, around 50% of farmers made use
of technical genetic evaluations in the form of Estimated Breeding Values for beef, but
less than 20% for sheep. However, this statistic is difficult to interpret as the extent of
reliance on the Estimated Breeding Values varied. Some farmers stated they were pri-
marily interested in the appearance of the animal but would also look at the Estimated
Breeding Value.
Interviews with farmers were all conducted by the author and primarily face-to-face on
farm, although a small number were undertaken as telephone interviews for logistical rea-
sons. Most other respondents were interviewed in their place of work or by telephone. In-
terviews were recorded (with permission), transcribed and then analysed inductively,
seeking to identify themes across the interviews. The interview data are not presented as
statistically valid samples, but rather as a rigorous engagement with as wide a range of
views as possible. Quotes used in this paper are illustrative of themes identified in the
transcripts. Interviewees are identified by number and farming-type. Preliminary findings
were presented to a one-day stakeholder workshop attended by 10 stakeholders and 2 aca-
demics. Feedback from this workshop was taken into account in finalising the analysis.
This qualitative approach has enabled understanding of how farmers view techno-
logical approaches to mitigating methane in their specific situations and to drawn
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inferences on how animals are conceptualised in a range of different circumstances.
The data collection method does not allow for in-depth study of co-production in one
particular context but is powerful in drawing on a large range of different contexts for
a meta-level analysis.
Research findings
In analysing the data, I have endeavoured to link farmer knowledge about animals with
technical knowledge about animals. In doing this, I have paid attention to the different
ways of knowing and the different objectives of the farmers. Furthermore, grazing ani-
mals always exist in specific natural and consumer environments, which impact on
how farm animals are conceptualised.
The policy imperative to reduce methane emissions has tended to focus on solutions
that depend on improving efficiency of production in terms of the amount of methane
produced per unit of meat produced. Efficiency measures include a range of practices
such as use of genetics to increase growth rate and efficiency of feed use, and improved
reproductive performance and health. Beyond these a range of specific measures to re-
duce methane have been suggested, notably different varieties of grass and feed additive
to reduce methane emissions, and alteration of rumen bacterial populations by vaccin-
ation to reduce methane emissions. Some farmers embrace this emphasis on efficiency
and respond by adopting a range of efficiency enhancing measures and innovations.
However, the motivation for such actions is driven more by economic considerations
rather than methane reduction.
Cattle and sheep were constructed by farmers as means of providing a livelihood
from a particular physical location. These were often in harsh environments particularly
where sheep were concerned. In these situations, famers tended to emphasise the
coproduction of their animals with the environment, such that their animals were par-
ticularly suited to the environmental niche they found themselves in. Manipulation of
the animals, and to a large extent, animal husbandry methods, was considered risky,
and therefore resisted.
Animals were also co-constructed as meat, particularly by farmers who sold meat
products direct to consumers. For these farmers, demands of consumers and consumer
perceptions of good quality meat became critical in determining desirable characteris-
tics of their animals. These desirable characteristics were often in opposition to mea-
sures required to reduce methane emissions.
In the next sections, I will explore in more depth these three types of production,
namely: focus on production efficiency, focus on production in demanding environ-
ments and focus on production for consumers. Each of these contexts draws out differ-
ent aspects of animal-technical co-productions. By selecting themes that cross a range
of farming approaches, I draw some generic principles that are likely to apply more
widely across farms. While individual farms may emphasise one particular characteris-
tic (like productivity) my broad-scale approach allows farms to appear in multiple cat-
egories, reflecting the complex ways in which individual farms are addressing the
challenges of producing food, while minimising ecological impact and reducing green-
house gas emissions. Finally, I will consider how farmers make sense of methane, dem-
onstrating how this is conceptualised as an integral and inevitable part of an animal
that cannot be disaggregated from the animal, rather than as a pollutant, by-product of
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beef and sheep-meat production. The contrast between the policy imperative to reduce me-
thane and the farmers constructions of their animals are then highlighted in a final section.
Animals and efficiency of production
Climate change policy (and much of the associated natural science research) agenda is
predicated around a description of the methane challenge as one that is technocratic in
nature. Such a framing emphasises the ability of technology to reduce the amount of me-
thane produced per animal and hence reduce climate change impact, in large part by in-
creasing the efficiency of production. The implication is that the material animal can be
disaggregated (cognitively) into its component parts and these parts manipulated to create
a new animal that is more desirable from a climate change point of view.
For farmers with a predominantly productivist approach to agriculture, the applica-
tion of technology was perceived as a normal part of efficient farming. Emphasis was
placed on the animal as a production unit and prominence was given to terms used in
accountancy, such as gross margins and efficiency of resource use, as keys to evaluation
of a ‘good’ farmer.
Individual breeds were highlighted, but cross-breeding was also practiced and hybrid
or ‘synthetic’ breeds specifically developed. Market competitiveness was emphasised as
evidenced in the following quote: “There will be a lot of breeders select purely on looks
of an animal. Our breeding aim of our breed is to try and improve the profitability of
our customers, which is completely different to any other pedigree breeder in the coun-
try” (interview 102a, sheep breeder). Similarly EBVs were embraced, for example, “I
want to know how that animal is going to perform, what it’s going to give me on my
farm, so EBVs just seemed a very natural way of doing that really” (interview 99, beef
farmer). The focus was on performance measures rather than appearance, and eco-
nomic performance rather than aesthetics. Any technologies advocated to reduce me-
thane that also improved efficiency of production were seen as acceptable. New grass
varieties producing less methane and new feed additives to reduced methane produc-
tion would be acceptable as long as economic efficiency was unaffected or improved. Use
of vaccines to alter rumen microbial populations to reduce methane emissions could be
accepted subject to impact on overall efficiency and financial impact. Genetic techniques
and disease reducing measures were already incorporated into farming practices.
The animal was perceived as an efficient converter of grass to meat (although often
with additional cereal diets provided) and the emphasis was on, for example, residual
feed intake (how much feed is needed beyond that strictly necessary for growth). Other
technologies to increase efficiency were adopted as appropriate, e.g. automatic oestrus
detecting equipment in order to increase the number of cows achieving pregnancy
quickly and enabling use of high genetic merit sires. Unlike dairy cattle, beef cattle are
not frequently observed by humans, therefore oestrus detection tends to be left to a
bull. However, using a bull rather than artificial insemination (AI) limits the ability to
use sires evaluated as having high genetic merit.
One prominent trend was towards minimising human interventions and hence im-
proving economic efficiency. As an example, one strand of sheep breeding focuses on
selecting animals that are robust, disease resistant and requiring minimal human assist-
ance (e.g. with lambing), and even shedding its own wool (the cost of shearing exceed-
ing the value of the wool gathered at the time of interviewing). While the methods
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used in this approach are very much technocratic, emphasising selection on the basis
of numerical recording; the target traits (lambing, diseases, wool shedding) emphasise a
return to the natural. As with the use of robotic milking (Holloway 2007), technology is
used to reduce the amount of human intervention. However, in the case of introducing
wool-shedding, a more radical physical change is introduced to the animal body, al-
though the wool-shedding characteristic is introduced through a wool-shedding gene
that occurs naturally in some breeds of sheep. The sheep is, then, a co-production of
the material, physical characteristics that enable this modification to the sheep body,
cognitive processes that value the ‘natural’, but with a social emphasis on economics of
producing sheep for meat, the high cost of labour and normative evaluations that rec-
ognise the appropriateness of using technology to achieve these aims.
Although the climate change policy and research focus has been largely on beef pro-
duced from beef cattle, in the UK around 50% of beef is supplied from dairy herds,
much of it as beef-cross-dairy calves used to produce the pregnancies that ensure milk
production. In terms of formal methane accounting, emissions are often completely at-
tributed to the dairy cow. Nevertheless, beef-cross calves will produce methane, and
are therefore, also an appropriate target for methane reducing measures. Among the
dairy farmers interviewed core activity was seen as producing milk, with the beef-cross
calf a ‘by-product’ or more positively ‘icing-on-the-cake’ and calves sold on to others
for rearing as quickly as possible. The emphasis was on the cow as a reproductive unit,
and AI semen was selected on the basis of good fertility and ease of calving.
Beef-cross calves were conceptualised by dairy farmers largely by their impact on the
dairy cow, rather than as themselves. This construction of the calf is very different to that
of farmers with beef production as part of their core objectives. For dairy farmers there is
a clear distinction between ‘valuable’ (dairy) calves and ‘disposable’ (beef-cross and dairy
bull calves) produced largely due to the specialisation inherent in current dairy farming
practices. Manipulating the efficiency of the beef calf by selecting sires with genetic poten-
tial for fast, efficient growth was of little or no concern. In this way the calf is co-produced
specifically within a type of production system. The calf is a crucial part of specialist beef
production but a by-product of specialist milk production. The disjunction between pro-
ducing milk and producing beef has led to calls for considering a return to dual-purpose
cattle where both dairy and beef are produced from the same breed of animal, in order to
reduce methane emissions. However, interviewees highlighted the infrastructural and
management demands that a return to dual-purpose cattle would make.
While the impact of methane produced by sheep and beef cattle was rejected by the
farmers interviewed, compliance with policy pressure, and synergies between
production-oriented farming and technological measures to reduce methane meant
that, at minimum, the rhetoric of methane reduction was accepted and appropriate
mitigation practices adopted by some farmers.
As noted earlier, sheep and beef cattle production in the UK tends to take place in
more marginal agricultural areas where environmental challenges are emphasised. It is
to these that I turn next.
Animals in environments
Despite the focus on production and animal bodies, agriculture, particularly ruminant
agriculture, can rarely escape the influence of landscapes and climates (Haggerty et al.
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2009). As production moves to more marginal land, landscape and climate come to
dominate. In stark contrast, one of the first tasks for a geneticist is to use statistical
methods to separate out the genetic from the environmental, in order to understand
and manipulate the genetic (with acknowledgement of possible interactions between
environment and genetics). Inevitably, therefore, landscapes and climates contribute to
the construction of the animal. From the farmers interviewed, three strong themes
emerged, although sometimes more than one was held at the same time. The first
theme emphasised the physical challenges presented by environments, the second the
use of sheep and beef cattle for managing biodiversity, and the third as the complex
inter-related nature of grazing animals, humans and other aspects of environments.
The restrictions placed by working in challenging environments were particularly
emphasised by farmers in upland areas, where the vagaries of the weather and topog-
raphy strongly influenced activities. Animals were identified as being particularly
adapted to a specific environment with sheep ‘hefted’ to a particular piece of land (see
also Gray 1998) and managed in ways that allowed them to thrive on that land. As a re-
sult of the emphasis on the harshness of farm environment, the materiality of the ani-
mals (particularly sheep) was strongly embedded with specific locations. Farmers
stressed physical aspects, such as having a robust frame to be able to cope with strong
winds. Visual assessment was emphasised, as well as handling the animal in order to
evaluate its condition, rather than relying on figures. There was a degree of co-
operation between the farmer and the animal. Farmers asserted that sheep learn how to
thrive in a specific environment from each other, but farmers assisted in animals’ adap-
tation to unfamiliar circumstances. For example, one farmer described how he was now
teaching his sheep to eat hay, so that they would be able to rely on hay that he provided
during snowy weather. During the previous snowy winter, his sheep had been unfamil-
iar with the hay provided for them and unwilling to eat it, even when there was no
other food available.
EBVs were often viewed as appropriate for more intensive, lowland conditions with-
out strong environmental constraints. Upland farmers emphasised how their stock was
adapted to their environments, for example, although growing slowly, they would con-
tinue to grow over a longer period of time and achieve better weights than incoming
animals. Incoming animals from elsewhere struggled to thrive as described by this
interviewee: “being … a very marginal hill farm…If we buy in [animals] they need a
year to acclimatise anyway, so we’re far better off to keep our own [replacement animals]
if we can” (interview 116, hill sheep and beef farmer). Farmers talked about trying new
breeds or new sources of their existing breeds with apparently desirable characteristics,
but which proved unsuitable on their farms. For farmers in marginal areas, the challen-
ging environments led to an emphasis on the ability of the animal to survive and re-
main productive in these conditions. Sheep (and to a lesser extent cattle) were
considered integral to the environment, although also challenged by it.
Not only was the ability of the animals (and the farmer) to survive on hill land im-
portant for their identity, but farmer livelihood in many cases relied on payments for
environmental management, particularly biodiversity conservation through various
agri-environmental schemes. These schemes implied restrictions on the numbers of an-
imals grazed, timing of grazing, and in a few cases, restrictions on providing animals
with additional feed. For some, environmental management considerations were cited
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as reducing their freedom to change practices, e.g. “I’m not sure what we can do to re-
duce it [methane], less cattle maybe but then we graze a large area and we’re driven by
the number of cattle it takes to graze those marshes to a standard rather than fill in the
marshes with too many cows” (interview 95, beef farmer). These restrictions prevented
farmers from considering re-seeding with less methane producing grasses, or some-
times even providing feed additives to reduce methane emissions. The animal became
strongly identified with managing biodiversity.
At the extreme, biodiversity management became the main reason for keeping animals,
as exemplified by one interviewee undertaking conservation grazing for an environmental
body. Here again, the ability of the animals to thrive on rough pasture was emphasised, as
was the ease of handling and management, for example, “from my point of view, having
animals around for longer is actually a real benefit because I observe that as they get older
they become better adapted at this kind of system and most of my management problems
are focused on the younger animals” (interview 103, conservation grazer). Rapid growth is
not necessary to the definition of a ‘good’ animal in this context.
The emphasis on biodiversity management did not necessarily imply a co-construction
of the animal and the environment. For example, an approach that emphasised efficient
production could be combined with management to achieve biodiversity aims by altering
the number of animals grazing rather than impacting on the animals themselves. The ani-
mal itself remains unaffected by the aspiration to manage biodiversity; rather it becomes a
tool in the process. However, in other cases, such as where native breeds were selected to
achieve biodiversity management, biodiversity considerations became part of the con-
struction of the animal.
A complementary viewpoint emphasised the wider, systemic aspect of their farming
approach, and the interlocked nature of the different aspects of the farming system.
Animals were described as a part of complex systems which included grass, soil and
trees, as exemplified by this hill farmer: “you’re impacting one way or another on the en-
vironment in which you live, and how do you work with that, not to be against it but to
work with it? … we once went down the road of having a much larger number of sheep
here and I just felt, a) I was stressed, b) they were stressed c) I was overgrazing… So…we
relaxed, or I did and said, wait a minute, we’ve all got to be part of this, so whether it’s
a sheep or whether it’s a cow or whether it’s a deer or a hare on the hill, it seems to me
the whole thing is completely interlocked” (interview 105, hill sheep farmer).
The emphasis on farm animals as part of wider, complex systems led to an emphasis
on managing methane emissions throughout these systems. Reductionist, technical ap-
proaches were viewed as inappropriate, for example “Why breed for animals that are
producing less methane when actually you could address the issues with management.
In a way, producing animals that produce less methane is ignoring or avoiding the ac-
tual land management methods that can be used to control, or at least manage carbon”
(interview 112 , organic mixed farmer).
Animals were perceived as a means of providing a livelihood from a particular phys-
ical location. The physical animal was required to produce beef or sheep meat mainly
or entirely from grass and to be robust to the physical conditions prevailing in the spe-
cific location. In this way the location co-produced the animal. Biodiversity could be
viewed as another product that did not impact back on the animal. Rather the animal
produced the biodiversity. However, animals could also be evaluated on the basis of
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their ability to produce biodiversity or the ease of management in circumstances where
contact with humans was limited. Environmental impacts on the animal are, therefore,
various, and other more complex interactions can exist, in part influenced by specific
locations and farmer values.
Animals as food
Farmers held two contrasting views on the ‘good’ animal for food, depending on
whether animals were sold to intermediaries or directly to consumers.
For those farmers who supplied meat direct to consumers, perceptions of consumer
demand were fundamental to defining the animal. The consumer was perceived to de-
mand natural, local and good tasting meat.
Naturalness is associated with grass fed animals. Thus, these farmers emphasised pro-
ducing sheep and beef cattle from grass, in so far as was possible. Traditional, native
breeds were preferred as they were perceived to be able to ‘finish’ from grass (achieve
an appropriate level of fat and muscle, as opposed to mere size). This preference meant
that animals were bred for systems, rather than manipulating the environment to suit
animals bred under different circumstances. These native breeds were perceived as able
to perform well in UK conditions, unlike the ‘continental’ breeds more commonly used
in beef production. Less emphasis was given to growth rate, as slower growth rate was
perceived as associated with better meat quality. Priority was also given to continuity of
supply throughout the year (for beef), despite grass-based production systems being
seasonal in their nature. Slower-growing animals provided continuing supply and were,
therefore, valued as much as faster growing ones. There was no imperative to slaughter
animals as quickly as possible. In constructing the animal for the direct-sales market,
naturalness and continuity of supply were premium concerns.
For these farmers, the animal is co-constituted not just within its environment but in
terms of how it can best meet high quality consumer desires. The cow or sheep is a
link between the land and the consumer, while also remaining a part of the land, not
apart from it. The technical may or may not be seen as part of this locus.
The emphasis on the natural had impacts on aspects of farm management, for ex-
ample feed additives were avoided and vaccines only used when it was absolutely essen-
tial, for example, “I’m not ill-disposed to a feed additive. What we are very careful
about is just what we put in feed additives here because one of our features is that we
put as little as possible into the cattle. At one stage there was also feed additives and
probiotics were the feature of the month and that’s not what we want to come with our
customers because when they hear feed additives they tend to go aagh, irrespective of
what’s in them” (interview 110, hill beef farmer).
An alternative view was expressed by farmers selling to intermediaries and therefore
at a further distance from the consumer. These farmers were still interested in con-
sumer perceptions, but consumer perceptions were mediated by, and often delegated
to, intermediary bodies. Most farmers in this category were selling either directly to ab-
attoirs/meat processors or selling animals at auction for purchase by meat processors.
Here, the price received for the animals was a key focus of attention. Prices varied by
season, demand and supply characteristics, and by weight and carcass grade. A
standardised grading scheme is used for evaluating carcasses (known as the EUROP
system), which is influenced by weight, visual evaluation of the fat cover on an animal
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and its physical shape (or conformation). The shape and fat cover on animals, therefore,
become important determinants of the value of the animal to the farmer. This is reflected
through to the animal breeders, who place considerable emphasis on animal shape.
In a further complication, farmers in more marginal lands are often unable to grow
their animals to weights suitable for slaughter due to the unavailability of grass during
the winter. Their animals are therefore sold on at lighter weights to other farmers, who
grow the animals to slaughter weights. This is usually achieved through auctions of live
animals during the autumn. As little information on the animals is available to pur-
chasers, visual appraisal is predominant. Thus, the production of the ‘good’ animal for
slaughter has a strong emphasis on shape, weight and amount of fat cover. All these
features can be visually evaluated on farm. There is therefore a strong emphasis on the
materiality of the animals, but in this case emphasising its imputed ‘deadstock’ value.
Making sense of methane
Methane was perceived by the farmers interviewed as “an inevitable consequence of
keeping ruminants” (interview 87, sheep breeder). From this perspective, as long as
grass-eating, ruminating animals exist, then methane will continue to be produced.
Measures to reduce methane were treated with caution with respect to the integrity of
the animals as a whole, for example, “you can’t just take methane [and] isolate it”
(interview 26, hill beef and sheep farmer). Methane was viewed as also associated with
wild animals, such as deer, that would naturally inhabit the environment currently oc-
cupied by sheep and cattle. Methane was thus construed as an integral part of sheep
and beef cattle and in this way, methane also becomes part of the natural environment.
Methane does not have any of the features farmers associated with a pollutant. It is
not synthetically developed by humans, nor is it associated with industrial activity or
combustion of hydrocarbons. When thinking about greenhouse gas emissions, farmers
would refer to cars, flying, industrial pollution and in some cases intensively reared
feedlot beef cattle, associated with North American production systems, for example
“the bad press was all to do with feed lot animals in California or somewhere …and
that isn’t quite the same as grazing animals making use of natural vegetation” (inter-
view 90c, sheep breeder). Thus ‘excessive’ methane is associated with perceived unnat-
ural production methods, such as feedlot cattle systems. ‘Acceptable’ methane is
associated with extensive production systems that are perceived to be more ‘natural’.
The image of naturalness was largely associated with the fact that sheep and (to a lesser
extent) beef, unlike poultry and pigs, are predominantly fed on grass rather than cereal-
based diets, for example, “my sheep… they don’t get fed anything that makes them more
gaseous, they’re just eating what’s naturally here ..So they’re just doing what they’ve always
done in a natural environment” (interview 105, hill sheep farmer). As sheep and beef cat-
tle eat mostly grass, and the grass absorbs carbon as it grows, farmers perceived that not
only are there no external inputs that would cause pollution, but that growing grass has
beneficial impacts. Sheep and beef cattle farming, in their view, would be expected to re-
duce greenhouse gas emissions due to the carbon captured in grass, or at minimum to be
carbon neutral, rather than a source of greenhouse gases. Thus, arguments about the large
climate change impact of sheep and beef cattle were not felt to be credible.
Extensive production systems were associated with traditional cultural practices and
hence represent a human-animal association that has existed over historical periods of
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time. Since methane from these production systems has not caused a problem in the
past, there was no expectation that it will cause problems in the future. Reference was
made to the ‘wisdom’ of nature that has ensured that traditional sheep and beef cattle
farming is in harmony with other factors in nature, as exemplified in this quote “The
whole world has been covered in ruminants from time began… Mother Nature, whatever
that is, wouldn’t have created a system that was going to destroy itself” (interview 98,
beef breeder). Rather than being a modern invention, sheep and beef cattle are part of
an historic, natural order.
In the rhetoric of the farmers interviewed, sheep and beef cattle are not only a natural
feature of the landscape but also have an important role in producing food for humans,
managing the environment and providing a source of income, particularly in hill re-
gions where there are perceived to be few other options for making a living, as exempli-
fied in the following quote:
“You want to go up to where [my wife] comes from and see if you can grow crops up
there, good luck … Steepness of slope, soil type, height above sea level, all those sorts of
things just means there are vast areas that you can’t grow crops on, so we have to utilise
the grass that we can grow” (interview 30, dairy and sheep farmer).
These arguments enlist sheep and beef cattle farming into the sphere of the moral
‘good’. Farmers drew on repertoires of the intrinsic positive character of their manage-
ment of nature in contrast to unnatural practices, as evidenced in the following quote:
“I can’t see what’s wrong with what we’re doing, we’re producing a product that we
can eat from a hill that otherwise would be either forestry, originally it would be for-
estry… I think we’re doing a natural rearing method and I don’t personally feel wrong
about doing it, I feel confident that it’s a good and right thing to do… I think there’s
plenty of other things in modern trappings that are doing more harm than that” (inter-
view 117, hill sheep farmer).
The evidence from these interviews suggests that there is little acceptance of methane
emissions from sheep and cattle as a ‘problem’ or ‘pollutant’ requiring action by
farmers. This message was remarkably consistent across all the production systems
studied, including farmers with an inherent ideology of environmental care, such as
some organic farmers. Methane was understood as an integral part of sheep and beef
cattle and a necessary part of their grass-eating identity. Moreover, methane was seen
as part of the specific farming context, particularly in the uplands, resonating with the
culture of ‘natural’ production and the historical and cultural practices associated with
these farming systems. Thus, to subvert Mary Douglas’s (1966) famous description of
pollution as ‘matter out of place’, for sheep and beef cattle farmers in the UK, methane
is very much ‘matter in place’. Sheep and beef cattle were seen as having a natural role
in relation to humans, and methane as an inevitable by-product of this role. In the
words of one hill sheep farmer, sheep (and by inference cattle) should be “allowed their
place in society” (interview 21, sheep and beef farmer). In defining the grazing animal,
methane production is also defined.
Methane was primarily conceptualised as an inevitable and natural part of sheep and
beef cattle. As these animals contribute to the good of humankind by converting grass
to a product edible by humans, there is a normative justification to allowing sheep and
beef cattle to continue to exist. From a social perspective, farmers felt methane emis-
sions were yet another criticism to be heaped onto beleaguered farmers who had more
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pressing issues to deal with. Arguments for the climate change impact of methane
based on codified knowledge and scientific best estimates was perceived to be in con-
flict with knowledge that views methane emissions in the context of carbon cycles that
take into account absorption by grass and the lack of introduction of ‘artificial’ factors.
Contextualising co-productions
It is perhaps trite, but nevertheless important, to note that not all farmers or farms are
the same. This is salient as the environmental context, market and ethos of the farm
provide the location within which both the animal and the technical are constituted,
and which therefore impact upon the way constructions are made.
Co-productions do not take place in isolated, sterile circumstances but are redolent
with history of interactions among animals, farmers and technical specialists (Reardon
2001). In the case of the farmers interviewed here, a strong sense of historic injustice
was communicated. Farmers felt they had adopted measures on advice from technical
specialists, but these measured turned out to be disadvantageous, for example, “Agricul-
ture has always been pretty quick to take on board new things that were deemed to be
good, but we’ve had quite a lot of stuff come at us that’s deemed to bad, well it’s turned
out to be bad” (interview 26, hill beef and sheep farmer). Farmers articulated examples
from their experiences of BSE, Foot and Mouth Disease and environmental manage-
ment - measures they had been asked to put in place and were now being asked to re-
move. They mentioned perceived bad genetics advice given to the dairy industry,
resulting in lame and infertile cows due to excessive emphasis on milk yield. These ex-
periences led to farmers’ scepticism regarding technical expertise and reluctance to ap-
propriate such knowledge in their practices.
The current framing of methane from farm animals assumes that methane is primar-
ily the producers’ rather than the consumers’ concern. In purchasing white goods or
cars, an energy rating is provided on appliances or efficiency figures on cars, providing
the consumer with information that can enable choice. Yet in purchasing meat, choices
are largely restricted to choosing the species (e.g. buying lamb or chicken) or
responding to exhortations to reduce meat consumption. There seems to be little link
between ‘reduced methane’ and consumers of sheep meat and beef. The benefits of re-
ducing methane are expected to be gained purely from improved production and hence
expected improved profitability for farmers. If the evidence of Barr and colleagues holds
(Barr et al. 2011), consumers are taking little responsibility for climate change through
their meat purchases and, therefore, are unlikely to demand low carbon footprint meat.
However, consumer purchasing responses could readily change under different condi-
tions such as pricing, availability, information, social pressures and so on. None of
which are explored here.
The focus in the policy world on measuring quantity of greenhouse gas emissions
means that the method of accounting for greenhouse gas emissions becomes crucial to
understanding where policy levers can best be applied. Current practice is to use rela-
tively crude calculations that impute a standard amount of methane emissions to each
animal. Effectively it is the number of ruminant animals that are being measured, rather
than methane emissions per se. For example, reductions of greenhouse gas emissions of
21% between 1990 and 2008 (Committee on Climate Change 2010) are explained as
primarily due to a drop in the total number of animals, largely due to changes in the
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support regime that replaced payments for each animal with a Single Farm Payment
(Gill et al. 2010). So, while the rhetoric of the policy world is to reduce methane emis-
sions, the practice is to reduce the number of animals. At this point, there is a synergy
between farmer and policy concepts, each understanding animals as a methane produ-
cing entity. While farmers struggle to view methane as being amenable to technological
manipulation, policy makers look to more discriminating measures of methane that
could take the impacts of technological manipulation into account.
From a scientific perspective, reflected in the views of non-farming interviewees, me-
thane emissions are readily manipulable. Methods have been identified that have the
potential to reduce emissions, with the added benefit of increased efficiency of output.
In contrast, as described above, sheep and beef cattle are located in specific natural en-
vironments, production systems and markets and subject to appropriate practices and
norms. Introduction of methane reduction as a new norm requires the introduction of
a new form of social order that recognises low methane production as part of the con-
stitution of a ‘good’ animal. In productivist approaches, this is already achieved through
attention paid to efficiency of production, but in other approaches, particularly those
which give high value to concepts of the ‘natural’, the association of methane reduction
with intensification is anathema. The implication on evaluating the ‘good’ animal is that
methane will continue to be constructed as a natural and inevitable part of the animal
which is not a target for technological manipulation. If methane reductions are to be
realised, conceptually this can only be achieved through reducing the number of sheep
and beef cattle. At this point the farming and policy worlds again merge, but in ways
that are threatening to the livelihoods of farmers.
Conclusions
This paper extends the concept of co-production as an analytical framework for under-
standing the evaluation of a ‘good’ animal to encompass methane. As noted earlier, the
sheep and beef farming sector tends not to be strongly influenced by technology (al-
though exceptional farms exist).The construction of an animal is predicated on a range
of other factors, in particular the environment and consumer market orientation. How-
ever, across a diverse range of farming approaches, it became very apparent that
farmers have difficulty in accepting the role of sheep and beef cattle in climate change.
Methane emissions were viewed as normal and natural.
The policy imperative to reduce greenhouse gas emissions has resulted in the identifi-
cation of a number of technical approaches to reducing methane, requiring action by
farmers. These technological approaches presume that the animal can be separated
from its methane emissions. However, from farmers’ perspectives, methane emissions
are an integral part of the animal and, therefore, difficult to conceptualise as amenable
to technological manipulation.
Unlike most pigs and chickens which tend to be kept in uniform environmental con-
ditions, sheep and beef cattle farming is characterised by heavy reliance on grazing
grass, often in challenging climatic and topographical situations. The environment,
therefore, becomes an important part of the construction of sheep and beef cattle. Ani-
mals are literally selected for survival by their environments. This local and specific
conceptualisation of animals contrasts with the presumption that technologies can be
applied across all environments. Technologies that reduce methane emissions by
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increasing productivity are synergistic with farming systems where efficiency of produc-
tion is emphasised only as long as other values and aspirations are not compromised.
Methane reduction has tended to become associated with paradigms of industrialised
agriculture emphasising the utilitarian functions of animals and this is anathema to
farmers aiming at more holistic approaches.
The range of different markets to which the meat animal is sold also has a strong im-
pact on the definition of the ‘good’ animal; with emphasis on naturalness and links to
the local for sales direct to consumers, and emphasis on shape and fatness for sales to
slaughterhouses. Consumer responsibilities have largely been limited to exhortations to
reduce consumption of red meat. The moral responsibility has thus largely been shifted
from consumers to producers, with little evidence of demand from consumers to apply
technology to animals to reduce methane emissions.
The sheep and beef cattle context involves complex assemblages of animals, nature,
markets and technologies to providing a portfolio of different social and private ‘goods’
depending on the farmers own values and circumstances. This paper identifies exem-
plars of how contextual factors dramatically impact on animal co-productions
highlighting a serious mismatch between policy/scientific constructions and farmer
constructions. I suggest that to include methane in the category ‘manipulable by tech-
nology’ requires more sophisticated co-construction of the animal and technology.
While application of technology is one possible policy approach to reducing methane,
alternative methods, such as reducing demand for meat, or balancing stocking rates
with carbon absorption capacity, need not be neglected.
Endnotes
aNumbering is retained from automatic numbering on the recording device in order
to maintain traceability of evidence. Hence the numbers allocated do not start at 0 and
therefore exceed 42.
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